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feeds 

activity and provides optimum coke 



rocarbon 



a well known process for 



naphtha selectivity. ' »pumum coke and 

Fiuidized Catalytic Cracking (FCC) is 
converting heavy hydrocarbon feeds ,„ ' 

— and a regenerator in , he fl 0 f " ^ * 

-n,. ol '* P° ni <>n of the overall vrr- 

^ —emen, of catalys, between , he ° Vera " FC C Process. 

P-=s, Heavy hydrocarbon feed „ "'^ '™ 3 

produce iighter products Dur , ^ "* «~- <» 

*-*^i^rr:7" c,,ta, -'- d -*- 

~^-, i8ht erp r „ ducts J: ^ ™-eac,,va,edca.,y stis 
cycled to the reactor. Hea.fro mlh „ ^ a " dlhe re ^"-ated catalyst 



occurs. 



reactor where additional cracking of feed 



--stopccunLrii 8 : ~*^**-«<~»**-. 

-ven,i„„a,Pc C fe d t ; h " ^ ^ « to more 
^ofheavyfeedsh e ^ ^ ^ *' H --, these 

Conradsoncarbonfc TZT'^'^^''**^ 

^"""^-^-^ievelsofmetalssuchas 
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sodium, iron, nickel and vanadium Nickd vanad . m ^ tQ ^ 
^ production during calalylic crack , g . ^^^^ ^ deposj[ed m 2eo|j[e 

™>s m tun, leads to higher costs from fresh catalyst make . up md dcactivat J' 
amounts of res.ds present in the FC C feed ,0 about 5 ,0 , 0 «. %. 

the meta, h' 0 ™ leCh °°'° 8ieS " aVai,aWe ' ""'^ » -~ 

efncenaes are „ ot ve,, high and the techno.ogies are very costly, generaNy 

Gasj ' M(,o, ' 59 - 67(iw2 ''-»-'-- maJ orscho 0 ,sof 

^ttndes.gn.ngcommerciairesidPCC ca,a,ys,s. The firs, approach stresses 

a^mcreaseshonoms convex, hutatsomepoint.undes.edhighco.eand 
of ta.ion„g matrix aiumina type and pore size distribution 

A third approach is described in U.S.paten, 4,938,863 wherein a 
-e earth exchanged uhra stable V zeoiite cataiys, (REUSY) is incorporated in an 

na-free ^ " ^ ^ * *r use with heavy, vanadium- 

— „g ^ and „ stated „ ^ ^ ^ ^ ^ 

^^^^^^^.^^ 

-d.mmated. me process combines the cracking ca talvst which ^ tf 

^-edwithsiHcasorinabinderofsiiicawi.hagetteradditivethathasa 
greater affinity for vanadium than for the cracking catalyst. 
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It would be desirable to develop a FCC catalyst and FCC process 
which is capable of handling FCC feeds containing substantial amounts of high 
boiling materials while providing optimum selectivity to coke and naphtha 
production. 

BRIEF DESCRIPTION OF THE INVENTION 

This invention relates to a catalytic cracking process for cracking 
the 650°F (343°C) + portion in a heavy feed to lighter products while providing 
improved coke se;ectivity which comprises: contacting the heavy feed with a 
catalytic cracking catalyst under catalytic cracking conditions wherein the catalytic 
cracking catalyst comprises a Y zeolite in a silica binder that is substanially free of 
catalytically active alumina and which contains silica gel as a matrix component. 

In another embodiment there is provided a FCC catalyst for cracking 
the 650°F (343°C) + portion in a heavy feed which comprises: a Y zeolite in a 
silica binder that is substantially free of catalytically active alumina and which 
contains silica gel as a matrix component. This catalyst provides optimum coke, 
naphtha and C 2 - dry gas selectivities and is preferably a rare earth exchanged 
ultra-stable Y zeolite.. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a plot of bottoms activity vs. hydrothermally equilibrated 
zeolite unit cell size for a REUSY catalyst. 

DETAILED DESCRIPTIO N OF THE INVENTION 

The FCC catalyst and process according to the invention utilizes a 
FCC catalyst containing a Y zeolite, preferably an ultra-stable Y zeolite, more 
preferably a rare-earth exchanged ultra-stable Y zeolite and a silica gel dispersed in 
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a silica binder substantially free of catalytically active alumina. While any Y 
zeolite may be used in the present catalysts, it is preferred to utilize ultra-stable Y 
(USY) zeolites and rare-earth exchanged ultra-stable Y zeolites due to their 
resistance to thermal degradation and steam treatment. 

Any crystalline aluminosilicate zeolite having catalytic cracking 
activity can be used in the practice of this invention. Such zeolite materials are 
described in U.S. Pat. Nos. 3,660,274 and 3,944,482, both of which are 
incorporated herein by reference. Non-limiting examples of such zeolites which 
can be employed in the practice of this invention, include both natural *nd 
synthetic zeolites. These zeolites include zeolites of the structural types included 
in the "Atlas of Zeolite Structural Types" edited by W. M. Meier and D. H. Olson 
and published by the Structure Commission of the International Zeolite 
Association in 1987 and also included herein by reference. Preferred are the 
faujasites, more preferred are zeolites X and Y, which are faujasite-type zeolites, 
and most preferred is zeolite Y. The term faujasite-type, as used therein, means 
those zeolites isostructural to faujasite. 

Zeolites typically have silica-to-alumina mole ratios (SiCVAUC^) of 
at least about 3 and uniform pore diameters from about 4 to 15 Angstroms. 
Zeolites as produced or found in nature normally contain an alkali metal cation, 
such as sodium and/or potassium and/or an alkaline earth metal cation, such as 
magnesium and/or calcium. When used as a hydrocarbon cracking catalyst 
component, it is usually necessary to decrease the alkali metal content of the 
crystalline zeolite to less than about 5 wt. %, preferably less than about 1 wt. %, 
and more preferably less than about 0.5 wt. %. The alkali metal content reduction, 
as is known in the art, may be conducted by exchange with one or more cations 
selected from the Groups IB through VIII of the Periodic Table of Elements (the 
Periodic Table of Elements referred to herein is given in Handbook of Chemistry 
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r; PUb " Shed ^ ChemiCai RUbbCT Oevetad. 
0".o, 45th Edition, ,664), as we,, as with hydrogen cations or hydrogen 

P-ursors, , g ., NH 4+ , capable of conversion ,o a hydrogen cation. Preferred 
canons inCude rare earths, calcium, raagnesium , hvdrogen a „ d ^ 
Wang "^--^A..^^ h 
US^Pa, No. 3,,40,249; U.S. Pa, No. 3,,42,25, and U.S. Pa, No. ,,423 3,3 the 

teachmgs of which are hereby incorporated by reference TW ■ 

wT . "yrc-rerence. The concentration of the 

e^ngecapaci I yof, ep a niai ,ar Z eo 1 i t ea„d,e„ um berofe qui va,e„ tS ofrare 
earths, a,ka„ne earths, and a,kali m e,a,s actuaHy present. The partiCe size of the 

0.5 to 3 microns. 

Uhrastable Y zeolite ca,a,ys,s are we,, known i„ the art and are 
descnbed in U.S. patent 3,402,996 and J. Phy, Chen,, ,968, 21, 2594 USY 
-ohte catalysts are prepared by known methods such as base-exchanging a Y- 
*pe zeohte with an aqueous solution of a sa,t such as an ammonium sai, The 
ase exchanged zeoiite is then ca,ci„ed. This cyc.e is successive, repeated „n«i, 
he destred a,ka,i meta, content is achieved. This sequence of ion exchange and 
heat treatment and concurrent reduction in aikaii meta, content of the zeolite 
-u,ts in unit ce„ shrinkage which is believed to account forthe ultrastable 

benveen about 0.4 to 4 wt. % and a si,ica-,o-a, U mina mole ratio in the range of 3 S 

to 7 or greater. 

REUSY zeolites have a hydrothermally equilibrated unit cell size 

by ASTM method D 3942. Rare eaths are incorporated into the uhrastable Y 
*o„,es by ion exchange. The rare earths inCude cerium, lanthanum 
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IZ; TTT^ — — — , and 

™ w. p re r emd rare emhs inc)ude lamhanum> cerium 

7W./0, b .ed „„ ,he 2 e„ lite coraponem of ^ cata , yst • 

-^-*^ h-11BiIlii0i . <taJtaiii ^; 

materia, The ^ 2e0li ' iC C ° mP ° neM " inC °*° rated in '° * <* ™«x 
^c, A s,„ca so, ,s a St a b ,e dispersion of fine , „, * 

un, o ^ — ^i„ withrespecttopanicIesi2emeansthat 

«--^^e pmicles h avea P a nic ,e siz e fromabout0 , D ; o 
'.5Dw h e reDls , henieanpan , dediameterSi|icasoisarewi|aWe 

cc™. eroian,, a„ d are high purily sjljca so|s 

Si.ica gels have a three-dimensional, co„ ti „ UOU s slructure and are 

^ do ge,SUSeMtalh -— ^nha V e P a ni c,ess iz e sinth e 

to 500 1 ro " S ' ' ^ 40 - ,5 ° PMe - *e range 100 

to 500 Angstroms, preferably 150 tn inn a . 

700 „A , y 150 10 300 and surface areas of 100 to 

700 m /g, preferably 150 to 500 m 2 /g. 
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The present catalyst compositions include from 1 to 99 wt. % 
«*>!ite, based on the catalyst composition, preferably 1 5 to 50 wt.%, from 1 to 50 
wt.% silica gel, based on the catalyst composition, preferably 5 to 40 wt.%, and an 
amount of silica sol sufficient to bind the catalyst components in the finished 
catalyst The binder or matrix materia, should be substanially free of catalytically 
acve aiumina. By "substantially free" is meant that the matrix material contains 
less than about 3 w,.%, based on matrix materia,, of active alumina, preferably ,ess 
than , wt%. Current FCC catalysts have catalytically active matrices containing 
alumtna wherein large molecules are pre-cracked on the active matrix to form 
mtermediate products that are further cracked on the zeolite. The matrix 
according to this invention may also contain other catalytically inert components 
such as clays and diatomaceous earth. 

In conducting the catalytic cracking operation, utilizing the catalyst 
of this invention, the temperature employed ranges from about 750°F (399°C) to 
about !300°F (732°C), preferably from about 900°F (482°C) to about 1050°F 
(566-C), and the pressure employed is one ranging from about 0 psig to about 150 
PBft preferably from about 0 psig to about 45 psig. Suitably, catalyst-to-oil ratios 
m the cracking zone used to convert the feed to lower boiling products are not 
more than about 30:1, and may range from about 20: 1 to about 2: 1, preferably 
fromabout4:> toabout9:l. The catalytic cracking process may be carried out in 
a fixed bed, moving bed, ebullated bed, slurry, transfer line (dispersed phase) or 
Huidized bed operation. Suitable regeneration temperatures include a temperature 
ranging from about 1100 to about 1 SOOT (593 to 81 6°C), and a pressure ranging 
from about 0 to about 150 psig. The oxidizing agent used to contact the partially 
deacttvated (/.,, coked) catalyst will generally be an oxygen-containing gas such 
as a,r, oxygen and mixtures thereof. The partially deactivated (coked) catalyst is 
contacted with the oxidizing agent for a time sufficient to remove, by combustion 
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at,e ^ a portion of the cart™ 

Carbonaceous oik com „- • ** 835 <*■ 

Pe,o,eum vacuum d ,„,, a(i0 ' ,r °' e ™ at ™*- 

P°™on of the feed miMm . *° cra *"8 the «50"F (343"F) + 

Since heavy feeHc 

earth oxides. gPrePara "°" « BaTiO, . SrTiO., and rare 

If no vanadium additives m .. 
"™*» -, ite destruc , on ^ ^ ^ ^ -hods ,„ r ed uce 

<* on the ca,a, y st ta )imiB ^ ™ "" ,ta « i « <-es -a amounts of 



The present invention can aknh 
-ove nicke , and vanadium ^ Whined wiIn 

m ^e tic separation. 7» e DEMet^ . * *«*■< Action „r 

which deposit 
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"*ke, and vanadium are removed from the cataiyst and , he cata|yst is ^ |o 
J ™ ,„ m ^ etic sepm(joni |he hjghesi mea| con[a . njng ^ 

«*v, W are removed whereas ,he lower me t al particles (highest activity) are 
returned to the unit. ' 

The present invention can aisc be combined with Ni and/or sodium 
passivator additives and/or metal tram nr „,i 

31 tapS or 0,l,er Processes that will reduce the 

detnmental effects of these contaminants. 

^ invention is taher illustrated by me following n0 „, imit ,w 
examples which aiso illustrate a prefer embodiment of the invention. 

EXAMPLE 1 

TWs example is directed to the preparation of various ad!*. 

^^^^^^^^^ 

USY (Umon Carb.de LZY-82), chemically-dealuminated ultrastabe Y (Union 
Carb.de L2-2I0), rare earth exchanged USY(L2Y-82, and calcined rare earth 
exchanged Y (CREY, Davison). To prepare the rare earth exchanged USY LZY - 

zeohte was slurried at 50°C with a solution of lanthanum nitrate (96 g in2 L, 
**« for ,h, and then decanted. The solids were again slurried with more ' 
lanthanum nitrate solution, stirred, f ,„ered and then washed with water several 

times. Following overnight drying in an „ven at about 150T, the Z eo,i,e was 

calcined at about 540°r far i h r r: u r * 

M0Cfor2hr. Each of the above zeolites were incorporated into 
a sihea matnx by the general procedure below. 

The zeolite was well m ixed with LUDOX monodispersed silica sol 
(Dupont, 99.8% silica) and silica <*i in *™ t 

;anas,licagelin specific cases and added to a heated (65°C) 

so,ut 1 onof5 % ammoni um su,fa,e.Theso,u,io n pHwa S ad i u S ,ed,o6, l ,si„g 
ammonium hydroxide, stirred for about 0, h, and filtered. ' The senuence Z 
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wate, dried i n an oven ovemigh[ mi ^ ^ 
calcining, the catalyst was cm-^ v 

0 77 urn) screen T 3nd Skved an 80 mesh 

followed by steaming at , alm „ wc for 1 hr - 

44 urn were r,™ „ ° mlyst panicles ^ler than 

*» Mm were removed from the finished citnl„o, • 

feedstock. " P ™ r '° te,ing Wi,h a »m 

EXAMPLE 2 

This example illustrates the advantage of adding a silica S el to the 
matrix of a catalyst made with USY and n w u • 

m*h«H r e h'gh-punty silica binder. Using the 

-hods of Example 1, a series of catalyst were prepared with 25 ^ V y 
zeolite in silica matrices with and without silica «, T r 

from PO Com n h ■ g ° S,I,Ca ge,S were obtai ^d 

iium uorp. an d consisted of 9Q so/ , 

Can m n , 3 W,th Smal1 im P urities of Na,0 

CaC, MgO and A1 A (less than 300 Ppm) The SUrfacp , 

m 2 /e 9?o/+ nftu ■ 3reas were 200 a "d 410 

— were ab out 2 00 a „d- 25 „, Anadditionalca(a|ystwas ;; 
diatomaceous earth riM<:ir m- • tu ^n to a 

m /g). The fished catalysts are described in Table I . 



labiej. 



Catalysts contain 
25%USYand: 



75% LUDOX Silica Sol 
40% 200-Siiica, 35% LUDOX 
40%200-Silica,35%LUDOX 
40%4I0.Silica,35%LUDOX 
40%410-Silica, 35% LUDOX 
40% IMSIL, 35% LUDOX 



Catalyst 



I 

2 
3 
4 
5 
6 



Equilibrated 
Surface Area 
m7g cat 



218 
198 
208 
209 
214 
159 



Equilibrated 
Unit Ceil 
Size & 



24.24 
24.23 
24.23 
24.23 
24.23 
24.25 



Sodium 
wt% 



0.20 
0.14 
0.14 
0.15 
0.J6 
0.13 
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Cracking tests were done in a fixed bed microactivity unit at 950T 
(5 1 0°C), a 2.75 catalyst-to-oil ratio and a weight hourly space velocity (WHS V) 
of 32.7 using two feedstocks: a vacuum gas oil (VGO) with a concarbon residue 
of 0.35 wt% and a blend of 50% vacuum resid (1 050T+) with 50% vacuum gas 
oil (concarbon residue of 7.0 wtK). To examine the catalyst activity differences 
650V activities were calculated using the second order expression X/(100-X) 
where X is the 650V conversion and is defined as the 650V+ molecules 
converted to 650V- products not including coke. Tables 2 (for VGO) and 3 (for 
VGO/resid blend) show that the addition of the silica gels significantly enhanced 
the cracking of 650V molecules. The 650V activities were increased 25-40% 
over Catalyst 1 which did not contain silica gel. The catalyst that contained the 
dzatomaceous earth silica component instead of a silica gel component showed 
much poorer performance. It is an unexpected result that an inert material such 
as silica gel can significantly enhance the cracking of large molecules in vacuum 
gas oils and resid/vacuum gas oil blends. Additionally, Tables 2 and 3 show that 
the catalysts with the silica gel components also gave the lowest amount of coke 
per unit of activity. 



Table 2 



(Vacuum Gas Oil) 
Catalysts contain 
25%USYand: 



75%LUDOX (Base Catalyst) 
40% 200-Silica, 35% LUDOX 
40% 4 10-Silica, 35% LUDOX 
40% 1MSIL, 35% LUDOX 



Catalyst 



650°F 
Conversion 



61.3 
66.3 
68.8 
52.7 



% Increase over Coke/ 
650°F Base Catalyst 650°F 
Activity Activity Activity 



1.58 
1.97 
2.21 
1.11 



+25% 
+40% 
-30% 



0.82 
0.69 
0.6! 
1.07 
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(VGO/Resid Blend) 
Catalysts contain 
25% USY and: 



75% LUDOX (Base Catalyst) 
40% 200-Silica, 35% LUDOX 
40% 4 10-Silica, 35% LUDOX 
40% IMSIL, 35% LUDOX 



Catalyst 



I 

3 
5 
6 
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650°F 
Conversion 



62.5 
68.9 
67.8 
57.2 



1.67 
2.22 
2.10 
1.34 
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% Increase over 
<550°F Base Catalyst 
Activity Activity 



+33% 
+26% 
-20% 



Coke/ 
650°F 
Activity 



4.7 
3.8 
4.0 
4.9 



EXAMPLE 3 



This example illustrates the benefits of a rare earth exchanged USY 
zeoht. Seven catalysts were made with 25 wt% zeolite in a silica matrix made by 
usmgtheLUDOXsilicasolasdescribed in Example 1. The catalysts consisted of 
USY 2 eolite(Catalysts 1 - n d7XLZ.2I0(C.t»l yst 8XREUSY(ataI y sts9 m d 10) 
and CREY (Catalysts 1 ! and 12). Two additional catalysts were made with 40% 
REUS Y (Catalyst 13) and 50% REUSY (Catalyst 14) zeolite in a silica matrix 
-de by using the LUDOX silica sol. The cracking tests were done in a fixed bed 
microactivity unit at 950T (5 10°C), a 2.75 catalyst-to-oi. ratio and a weight hourly 
space velocity (WHSV) of 32.7 using a blend of 5 0 o/ o vacuum resid (1050T+) " 
with 50% vacuum gas oil. 

The 650T bottoms activity is plotted versus the hydrothermally 
equihbrated unit cell size of the catalysts in Figure 1 . For the catalysts with 25% 
-hte, Figure 1 clearly shows that the bottoms cracking activity is maximized for 
the catalyst with the REUSY zeolite with an equilibrated unit cell size of 24 32 t 
For h lg her percentages of REUSYzeolite, the bottoms cracking activity was 
farther increased. At the 50% zeolite level, the 



82.3% which is approaching the calculated 



88.3%. Similar results were obtained for 



conversion to 650°F- products was 
maximum conversion for the feed, 



a 650-1 050°F vacuum gas oil. This 
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sample shows that the REUS Y in a silica matrix f i e no nr, • 
matrix • C e - no act,ve component in the 

nwtrw) 1S espeaally effective in cracking large 650T+ mnl. , • , 
feeds anrf ,h ♦ • • molecules in heavy resid 

feeds and that mcreas.ng the amount of zeolite increases further the , 
650°F+ material converted to 650V- products. 

EXAMPLE 4 



! amount of 



25% zeolite co ^'"S'l'ca matrix catalysts prepared in Example 3 containing 
25 A 2 eo„ t e components, me product sciectivities were calculated based on data 
obtamedunderconstantconditionsintHemicroactivit^nit^^ 



laMe_4 



Zeolite 



USY 
L2-2I0 
REUSY 
CREY 



24.24 
24.25 
24,31 
24.43 



2.61 
1.87 
0.82 
2.69 



' X is Ihc wnversio^TofiSO-K. products. Coke £ 



1.09 
1.04 
0.63 
2.10 



not included * a 650T- product. 



3.77 
3.61 
2.44 
8.55 



4.01 
4.00 
4.56 
2.42 



ndes, red co k e +ga s W ast h e b es tf or„ 1 e RE USVcata, y ,T h eseL; 



EXAMPLE 5 



without a ™ S CXamPk "'"^ mCkin8 ° f 
w. ta any zeol.te component as compared to other matrices tha, have added 
alumina. Table 5 deserih« .k .i. «"wve added 

descnbes the three catalysts tha, were made by using the 
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™>Hods in £xample , bu , no 

^ows te lhe silica b ,, der had ' 8 he VG ° feedstock. Tab,e 5 

-Vea,u minaconiponen , eO "° W650F -^-P-« 1 o maWceswith 
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• A catalytic cracking process for cracking the 65<m portion i„ „ heaw 
feed ,o lighterproducts while providing improved coke selectivity wh ich 
comprises: contacting the heavy feed with a catalytic cracking cataiys, under 
cauiytic cracking conditions wherein the cataiytic cracking ca, Iy st Borises a Y 

which further contains silica gel as a component. 



2- The process cf claim 1 wherein the Y zeolite is an ultra-stable 

3- The process of claim 1 wherein the Y 



ultra-stable Y zeolite. 



Y zeolite, 
zeolite is a rare-eanh exchanged 



The 



process of ciaim 3 wherein the Y 2 eoii,e has a hydrothermaily 
equthbrated unit eel, size between 24.25 and 24.43 angstroms. 



The 



process of claim 3,-wherein the y zeolite contains lanthanum, cerium or 
neodymium as rare earth. 



The process of claim 1 wherein the silica gel has 



to 500 microns, a pore diameter of fro 
of from 100 to 700 m 2 /g. 

7. 



a particle size of from 30 



m 100 to 500 angstroms and a surface 



area 



™e process of claim I wherein the catalys. contains from 1 to 50 w, % of 
siltca gel, based on catalyst composition. 

8. The process of claim 1 wherein the binder 
based on binder, ofcatalytically active alumina. 



contains less than about 3 wt.%, 



9. The 



process of claim 1 wherein the binder contains less than about , w, % 
based on bmder, ofcatalytically active alumina. 
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